Background. Antibiotic resistance is a public health concern, and is linked to over-prescribing. In self-limiting infections such as acute otitis media (AOM) and acute sinusitis, prescribing remains high despite strong guideline recommendations against the routine use of antibiotics. Early career General Practitioners may find evidence-based prescribing challenging. Aim. To establish the prevalence and associations of antibiotic prescribing for AOM and acute sinusitis by Australian vocational trainees in General Practice. Method. A cross-sectional analysis of data from the Registrar Clinical Encounters in Training (ReCEnT) study. This ongoing, multicentre prospective cohort study documents trainees' consultation-based clinical experiences. Univariate and logistic regression analyses were conducted on data recorded in consultations for AOM or acute sinusitis in nine collection periods during 2010-2014. Results. Data from 856 individual trainees (response rate 95.2%) were analysed. AOM was managed in 0.9% of encounters. Antibiotics were prescribed in 78.8% of cases. Prescribing was significantly associated with longer consultation time and first presentation for this problem. There was no significant association with patient age group. Acute sinusitis was managed in 0.9% of encounters. Antibiotics were prescribed in 71.2% of cases. Later-stage trainees and trainees who did not receive their primary medical qualification in Australia were more likely to prescribe an antibiotic for acute sinusitis. Conclusion. Early career GPs are not prescribing in an evidence-based manner. The complexity of guidelines for AOM and acute sinusitis may be confusing for prescribers, especially early career
Introduction
Antibiotic prescribing in primary care remains a focus of attention, given ever-increasing antibiotic resistance worldwide. Prescription of antibiotics is high for many self-limiting respiratory infections, both by established (1) and early career clinicians (2) . Reasons include diagnostic difficulties, patient pressure, physician habits and educational practices (3, 4) . The lack of evidence-based prescribing is especially concerning in early career family practitioners (GPs)-most prescribing of antibiotics for respiratory tract infections occurs in family practice (1) and these clinicians are the future stewards of antibiotics.
In acute otitis media (AOM) and acute sinusitis, prescribing remains high despite strong guideline recommendations against the routine use of antibiotics (5) . In a study of established Australian GPs, 79.6% of adults with AOM and 83.3% of adults presenting with sinusitis received an antibiotic prescription (6) , with similar high rates in many other countries (7) (8) (9) . Use of antibiotics in acute sinusitis provides modest improvement in clinical symptoms, and most cases resolve within two weeks without antibiotic therapy (10) . Similarly, in high-income countries, most cases of AOM remit spontaneously and antibiotics have a limited role (11) . Side effects of antibiotics such as vomiting, diarrhoea or rash, and community (1) and individual (12) antibiotic resistance must also be considered. Quality indicators for these conditions recommend a maximum 20% rate of prescribing for both AOM and sinusitis (13) . This takes into account the 'base level' of prescribing that might be expected, and the recognition that under-prescribing may lead to complications in some cases (8) .
The prescribing of antibiotics in cases of AOM and sinusitis present similar challenges for doctors in that both are common conditions for which the aetiology (viral/bacterial) is sometimes mixed or difficult to ascertain (14, 15) . Subsequently, a syndromic approach to management is advocated. The use of antibiotics, while acknowledged as being indicated in some cases, is in most cases advised against by Australian guidelines (5). In AOM, Australian recommendations against routine prescribing are qualified in younger age groups (in 0-6 months and, less so, in 6-24 months). This complexity in the guidelines may be confusing, especially for early career doctors.
For early career GPs, learning to prescribe antibiotics in an evidence-based manner is challenging. Following training in hospital contexts, where infections are commonly serious and patients often receive antibiotic therapy, early career GPs move to the community setting where infections are often self-limiting with low morbidity. However, early career GPs may feel pressure to prescribe, not only from patients, but also from their own fears of failing to diagnose and treat patients who may then experience serious sequelae (4). GPs' antibiotic prescribing habits are set early and, once established, tend not to change over time (16) . Thus establishing evidence-based prescribing in this group of doctors early in their career is important. To our knowledge, this is the first large-scale study that describes these prescribing habits in early career GPs, and understanding antibiotic prescribing in this group assists in designing targeted educational interventions.
This study aims to establish the prevalence and associations of antibiotic prescribing for AOM and acute sinusitis by Australian vocational trainees in family practice.
Methods
This was a cross-sectional analysis of data from the Registrar Clinical Encounters in Training (ReCEnT) study. ReCEnT is an ongoing, multicentre prospective cohort study of GP trainees (registrars) in five of Australia's 17 regional training providers (RTPs) in five of the six Australian states. Trainees practice within an apprenticeship-like model, but with considerable autonomy (including full prescribing rights).
ReCEnT documents the nature and associations of the in-practice consultation-based clinical and educational experiences of GP trainees. The study protocol is described in detail elsewhere (17) . Briefly, trainees complete paper-based forms recording details of sixty consecutive consultations in each of their three six-month general practice training terms (twelve-monthly for part-time trainees). Trainees at one of the five RTPs also collected data during an optional fourth training term.
Trainee demographics and practice data are documented at the start of each collection period, and patient demographics and clinical details are recorded for each patient encounter. Trainee variables recorded are age, gender, training term, whether in full-time or parttime (less than eight half-day clinical sessions per week) training, place of primary medical qualification (Australia or international), and whether the trainee had previously worked at the practice.
Patient variables recorded are age, gender, Aboriginal or Torres Strait Islander (ATSI) status, non-English speaking background (NESB) status, the patient being new to the practice, or to the trainee. For AOM, age categories for analysis were based on the management recommendations of the Australian Therapeutic Guidelines at the time of the study.
Practice variables recorded are size (small practice <6 doctors) and billing policy (whether the practice routinely bulk-bills -that is, government subsidy is accepted as full payment and there is no cost to the patient). Practice postcode was used to determine the Australian Standard Geographical Classification-Remoteness Area (ASGC-RA) classification to define the practice locations' degree of rurality (very remote, remote, outer regional, inner regional or major city location) and Socioeconomic Index for Area (SEIFA) Index of Disadvantage.
Consultation variables recorded are duration, the nature of problems/diagnoses managed, if the problem/diagnosis was new or preexisting, whether pathology or imaging tests were ordered, and if referrals or follow-up were arranged. Educational factors included whether the trainee sought advice or information during the consultation (from their supervisor or other resources, such as specialists, books or electronic resources), or generated learning goals.
Problems/diagnoses are coded according to the International Primary Care Classification (ICPC-2) and medications according to the Anatomic Therapeutic Chemical (ATC) Classification.
The analyses in this study used data from nine collection periods during 2010-2014. Individual RTPs contributed from one to nine rounds of data depending on the RTPs' date of commencement in the study. We defined acute sinusitis as those presentations coded as R75, (excluding R75003 and 75004 as codes for chronic and allergic sinusitis respectively). Acute otitis media was defined as those presentations coded as H71 (excluding H71008, H71018, H71019 as codes for ear inflammation, abscess and mastoiditis, respectively).
For acute sinusitis, all patient age groups were included in the analysis. For AOM, analysis was limited to patients aged less than 50 years, reflecting the age-groups principally affected.
Statistical Analysis
The proportions of presentations for R75 or H71-coded problems/ diagnoses were calculated with 95% confidence intervals. Proportions of R75/H71 problems/diagnoses for which antibiotics were prescribed were calculated with 95% confidence intervals. Proportions of particular antibiotics prescribed for each condition were also calculated.
For our primary analysis, the outcome factor was whether an antibiotic had been prescribed. To test associations of an episode of acute sinusitis or AOM being treated with antibiotics, simple and multiple logistic regression were used for each diagnosis, within a generalized estimating equations (GEE) framework to account for the repeated measures on trainees. In preliminary univariate analyses, chi-square analysis was employed. Exact methods were used for covariates with low expected values in 25% or more of cells in the cross-tabulation of the covariate and the outcome. These are marked as 'Exact' in the univariate tables. All variables with a p-value <0.2 and relevant effect size in the univariate analysis were included in the multiple regression models. Variables which had a small effect size and were no longer significant in the multivariate model were removed from the final model as long as removal of the variable did not change the resultant model.
In a post-hoc analysis, for those acute sinusitis problems/diagnoses where in-consultation information or advice was sought, proportions of particular sources consulted were calculated with 95% confidence intervals.
Statistical analyses were completed using STATA 13.1 and SAS v9.4. Predictors were considered statistically significant if the p value was <0.05.
Results
A total of 856 individual trainees (response rate 95.2%) contributed 1832 trainee-rounds of data (including details of 108 759 individual consultations and 169 303 problems/diagnoses).
The demographics of the participating trainees and practices are presented in Table 1 .
Prevalence of antibiotic prescribing for AOM and acute sinusitis The individual antibiotics prescribed are presented in Table 2 . The most commonly prescribed for AOM was amoxicillin (53.5% of all antibiotics prescribed for this condition) or amoxicillin plus enzyme inhibitor (21.5%). For sinusitis, the most commonly prescribed antibiotic was also amoxicillin (78.6%) or amoxicillin plus enzyme inhibitor (10.5%).
Associations of antibiotic prescribing for AOM
Univariate associations of prescribing an antibiotic for AOM are presented in Table 3 . The multiple logistic regression models for prescribing of an antibiotic are presented in Table 4 . Significant multivariable associations with antibiotic prescribing are patients presenting with AOM as a new problem (OR 4.99, 95%CI: 3.63-6.86), longer consultation duration (OR 1.03, 95%CI: 1.00-1.06) and there being fewer problems addressed in the consultation (OR 0.74, 95%CI: 0.59-0.94). There was no significant difference in prescribing based on age group.
Associations of antibiotic prescribing for acute sinusitis
Univariate associations of prescribing an antibiotic for acute sinusitis are presented in Table 3 . The multiple logistic regression models for prescribing of an antibiotic are presented in 
Discussion

Summary of main findings
Trainees prescribed antibiotics for AOM in 78.8% of cases. Prescribing an antibiotic was significantly associated with longer consultation time and first presentation for this problem. Importantly, there was no significant association with patient age group. Antibiotics were prescribed for acute sinusitis in 71.2% of cases. Later stage trainees and trainees who did not receive their primary medical qualification in Australia were more likely to prescribe an antibiotic for acute sinusitis. Prescribing an antibiotic was associated with the trainee seeking advice.
Findings in relation to previous research
In a study of mainly established GPs in Australia in 2013-14, GPs saw acute AOM at a rate of 0.8 per 100 encounters, and sinusitis (both acute and chronic) at a rate of 1.1 per 100 encounters (18) . These are slightly lower than our rates for trainees seeing these conditions (1.5 per 100 encounters for AOM and 1.39 per 100 encounters for acute sinusitis).
In previous (2002-3) research of mostly established Australian GPs, 79.6% of adults with AOM and 83.3% of adults presenting with sinusitis received an antibiotic prescription. In children, these rates were 84.4% and 81.7% respectively (6). Internationally, rates of prescribing for AOM range from 50% in the Netherlands to around 95% in other developed countries including USA, UK and New Zealand (8) . For acute sinusitis, rates of antibiotic prescribing are reported at up to 80% in both European and US data (7, 9) . Thus, our findings show trainees prescribe less than established Australian GPs and GPs in some other countries but still considerably more than international quality practice benchmarks of 0-20% (13).
Strengths and limitations of the study
ReCEnT is the largest study of trainee GPs worldwide, and has a very high response rate (95.2%), which are significant strengths. Our sample is similar to the GP trainee population of Australia in terms of major demographic features (19) .
Aboriginal and Torres Strait Islander children are at higher risk of developing suppurative complications of OM, with guidelines recommending antibiotic therapy in this group (5). Our study did not include a large enough sample of Aboriginal and Torres Strait Islander patients to comment on prescribing for this population.
We have ascertained trainees' prescription of antibiotics rather than patients' filling of prescriptions or consumption of antibiotics. However, our study is concerned with trainees' behaviours and adherence to prescribing guidelines. As we have no specific clinical data for each case, it is not possible to comment on the appropriateness of prescribing decisions in each instance. Yet our study establishes overall trends and associations, and does present compelling evidence of significant deviation from current guidelines and benchmarks for appropriate antibiotic prescribing in these conditions.
Implications for practice and policy
AOM and sinusitis are important primary care problems in view of their high prevalence and appreciable morbidity. For both diagnoses we have found high rates of prescribing, considering Australian evidence-based guidelines advise against routine use of antibiotics for these conditions (5) and European antibiotic prescribing standards for both conditions benchmark 0-20% for quality prescribing (13) . Prescribing rates amongst our trainees are much higher than this rate.
Of particular note is the lack of significant association between prescribing antibiotics for AOM in younger age groups. We expected to see higher rates of prescribing among younger compared to older age groups. At the time of our study the 2014 version of the guidelines recommended antibiotic therapy in those younger than 6 months and, based on clinical features, that antibiotics 'should Continued be considered' for those aged 6-24 months. We are considering our results in light of the guidelines current at the time of our data collection, while noting that the wording has changed in the most recent update (5). The latest Australian guidelines state that initial antibiotic therapy 'may be required in children younger than 6 months without systemic features' (5).
In a Dutch study of over-and under-prescribing for AOM, it was noted that GPs recognised symptoms as noted in the guidelines that warranted antibiotic prescription, but did not apply the guidelines in many cases (for example, the guideline recommends antibiotics in the presence of three listed symptoms or signs, but GPs prescribed when one or two were present) (8) . The Australian guidelines are worded in a similar way for both acute sinusitis and AOM (5) , and may cause similar confusion amongst early career GPs still adapting to community medicine. Further qualitative work to describe the experience of trainees in the use of guidelines in these conditions is warranted.
In the acute sinusitis results, the most surprising finding was the increased prescribing by trainees in later stages of training. Qualitative work has shown that with time, GP trainees feel more confident in their clinical acumen (4), and with more community experience following hospital training we expected to see less antibiotic prescribing. However, our results show trainees in terms 3 and 4, who are in the final 12 months of training prior to vocational registration, prescribed significantly more antibiotics for acute sinusitis than Term 1 trainees. While the results for Term 4 trainees (a self-selected group) must be treated with caution, the increased prescribing of Term 3 trainees together with a non-significant trend for greater prescribing in Term 2 trainees, suggest that current education and training may not be successfully addressing this important aspect of clinical practice. Longitudinal analysis, however, is needed to confirm this.
Trainees who graduated overseas prescribed more antibiotics than Australian-graduated trainees. This may reflect differing disease patterns, guideline advice and medical cultures in Australia compared with their country of graduation.
Antibiotic prescribing is influenced by many factors, including doctor, patient and social factors (3) . Severity of illness, patient distress and patient concerns are often cited as reasons for doctors prescribing contrary to guidelines, as well as fear of poor outcomes, habit or working on past experiences (4). While these factors are common to both early career and established GPs, our findings highlight the need for improved educational interventions to assist trainees' transition from hospital to community practice, and to develop evidence-based prescribing habits early in their training. Our team has piloted and evaluated targeted modules for Australian GP trainees which demonstrate some improvements in prescribing for RTIs (20) , and similar interventions could be applied to antibiotic prescribing for other indications.
Conclusion
The analysis of the prevalence and associations for prescribing for AOM and acute sinusitis in our sample of GP trainees suggests that, overall, this group may not be prescribing in an evidence-based manner. The complexity of guidelines for AOM and acute sinusitis, while arguably appropriate to the complexity of diagnosis and management of these conditions, may in fact be confusing for prescribers, and even more so when approached by early career doctors struggling with inexperience and diagnostic uncertainty. We believe that educational interventions may be necessary to bring these prescribing rates closer to quality benchmarks. Training in use of guidelines, communication skills to address patient concerns, and strategies for dealing with diagnostic uncertainty are essential for GPs and especially those in the early career stages.
